Introduction
A grass is composed of several aggregate tillers, which are their basic units of development. One way to identify the development stage of individual tillers is to evaluate their size, expressed as length, since longer tillers usually have a greater number of phytomers and these are more developed. In this sense, tillers characterization by size allows inferences to be made on pasture, which is fundamental to explain the responses of forage plants and grazing animals (Carvalho et al., 2005) .
The fact that the tillers are formed by phytomers, one above the other and with different development stages, causes that in the vertical profile of the same tiller there is a variation of their morphological characteristics, which will also result in morphological variability in the vertical pasture profile. Thus, the organs located at the most basal extract of the tiller have a higher stage of development, contrary to the findings in the upper extracts.
This makes the morphology of the basal and apical part of the tiller different, which has implications for grazing animal consumption (SANTOS et al., 2010a) .
Indeed, when ruminants consume the basal strata of pasture, there is a tendency for them to express lower consumption and hence lower performance. On the other hand, when ruminants consume upper pasture extracts, higher animal performance tends to be obtained (DIFANTE et al., 2009 ).
Considering the above, it is relevant to understand the morphological changes that occur between tiller types and between parts of the same tiller, in order to better understand the sward structure, that is, the distribution and arrangement of organs of the aerial part of the forage plants, that influence the responses of plants and animals in grazing (SANTOS et al., 2010a ).
In fact, many forage studies have focused on the smaller evaluation scales of forage plants, such as the individual tillers, which are the developmental units of grasses (SBRISSIA AND DA SILVA, 2008; GARCEZ NETO et al. (1990) . These reductionist studies help to understand better the responses of forage plants to different environmental conditions, including man-made management. Thus, this work was developed to evaluate the effects of the size and the apical and basal portions of the tiller on the morphology of the elephant grass (Pennisetum purpureum cv. Napier).
Material and methods
This work was conducted in an area of Pennisetum purpureum cv. Subsequently, from each sample, the living leaf blade, live stem and dead leaf blade were manually separated. Separately, these morphological components were placed in paper bags and taken to the forced ventilation oven at 65°C, remaining in it for 72 hours. After that, these morphological components were weighed. With these data, the tiller mass, the percentages of living leaf, live stem and dead leaf blade, as well as the relationship between living leaf mass and live stem mass were calculated. In each experimental unit, two samples were collected, one consisting of small tillers and the other of large tillers. In each sample, 10 basal tillers were harvested at the vegetative growth stage. The tillers were cut at the level of the soil surface, identified and taken to the laboratory. Firstly, in each sample, all the tillers were sectioned in two parts of equal length, in order to obtain two subsamples, each corresponding to the evaluated portions (basal and apical). Subsequently, from each sub-sample, the morphological components (living leaf, live stem, and dead leaf blade) were manually separated, oven dried and weighed, following the same procedures used during the conduction of the first experiment. With these data, the tiller mass was calculated, as well as its percentages of living leaf blade, living stem and dead leaf blade.
Analyzes of the experimental data were done separately for each study.
In the first study, for each characteristic, analyzes of variance and regression were performed according to the size of the tiller, whose model that best fit the data was linear. The degree of adjustment of the models was evaluated by the coefficient of determination and the significance of the regression coefficients, tested by the t-test corrected based on the residues of the analysis of variance. In the second study, analyzes of variance were performed to compare tiller types (small or large), tiller portions (apical or basal), as well as their possible interactions, by the F test. In all analyzes, 5% was adopted as a critical level of probability for type I error.
Results and discussion
All the organs evaluated had their dimensions and, or, their numbers increased linearly with the size of the elephant grass tiller (Table 1) .
The living leaf number increased (P <0.05) with the size of the tiller (Table 1) . When in free growth and at a more advanced stage of development, elephant grass reaches a great natural height, above 3.5 m in some conditions. Thus, it is possible that the tiller size levels evaluated in this study included younger tillers of this plant. In this situation, probably, the tillers had not yet reached their maximum number of living leaves, which would explain the increase in this variable with the tiller size.
Regarding the number of dead leaf, its increase (P<0.05) with the till size probably occurred due to the more pronounced shading of the basal leaves of the more developed and larger tillers. In this condition, the leaf is in an environment with a solar radiation level lower than its light compensating point, which results in its negative carbon balance, characterized by a higher rate of respiration in relation to that of photosynthesis and, as a consequence, the leaf senesce (TAIZ AND ZEIGER, 2006) . In addition, the basal leaves of longer tillers are also of greater age and may have exceeded their life-span, which also contributes to the increase of dead leaf number in tillers with larger sizes (Table 1) . 
It is worth mentioning that only the larger size tiller (200 cm)
presented more than one dead leaf (Table 1) . It indicates that, in general, the tillers evaluated in this work were at a lower stage of development, as discussed previously.
The stem length was elevated (P<0.05) with the largest size of the elephant grass tiller (Table 1 ). This is due to the greater number of phytomers in larger tillers. As each phytomer is constituted, among other organs, of internode, it becomes natural the greater length of the stem in longer tiller. In addition, a greater number of living leaves in larger tillers (Table 1 ) also requires a more developed stem to sustain them.
Regarding the dimensions of the leaf blade, its length and width increased (P<0.05) with the tiller size (Table 1 ). In vegetative shoots of larger size, younger leaves have to travel a greater distance between the point of connection with the meristem and the end of the pseudostem, which results in their longer length compared to the leaves of smaller tillers (SKINNER AND NELSON, 1995) . And the longest leaf length of elephant grass is associated with its greater width. The structural characteristics are determinant of the mass and the morphological composition of elephant grass tillers. In this context, the increase in leaf numbers and the size of leaves and stems in larger tillers (Table 1) justify the larger mass (P<0.05) of these tillers (Table 2) . The positive effect of tiller size on the length of its stem (Table 1) (Table 2) . Similarly, the linear increase of dead leaf blade participation (P<0.05) with tiller size (Table 2 ) was due to the positive effect of tiller size on dead leaf number (Table 1) . On the other hand, the increase in stem length in larger tillers, which can be perceived by the high coefficient of their regression equation, it has been much more pronounced than the increases in leaf number and dimension (Table 1) . This caused the percentage of living leaf to decrease linearly (P<0.01) with the tiller size, in the same way as the relationship between masses of the living leaf and the living stem (Table 2) .
Based on the morphological changes that occurred with the increase in the tiller size, it is possible to infer that the larger tillers have a worse nutritive value, since they are composed of higher percentage of stem and dead leaf, morphological components of worse nutritive value in relation to the leaf blade (SANTOS et al., 2010b) . As a consequence, it can also be deduced that pastures under large rest periods, in which larger tillers are common, they are also not suitable for the ruminant consumption and performance. Thus, management actions that control the tiller size in a pasture have a positive effect on animal productivity. This can be one of the reasons why grazing management, based on pasture height control, has been shown to be effective in pasture management (DA SILVA and NASCIMENTO JR, 2007) . With the control of the sward height the tiller height is also controlled, making them have a more favorable morphology, concomitantly, to the plant growth and the animal consumption.
Regarding the basal and apical portions of the small and large elephant grass tillers, no interactions were observed among the studied factors (Table 3) . It has been verified that the basal portion had (P<0.05) greater mass, higher percentages of dead leaf blade (DLB) and of live stem (LS), but a lower percentage of leaf blade alive (LLB), compared to the apical portion of the tiller (Table 3) . These results can be explained by the existence of morphological variability along the vertical profile of the tiller, which is due to the presence of phytomers with different development stages in the same tiller (SANTOS et al., 2010a) . In this sense, at the basal part of the tiller, the phytomers are formed first, that is, they are older; whereas, in the apical part, there are phytomers newly formed and, therefore, being younger. This is a determinant of the highest (P<0.05) percentages of DLB and LS and the lowest (P<0.05) percentage of LLB at the basal part of the tiller, when compared to the apical part (Table 3) .
In comparison to the apical part, at the basal part of the tillers, the older leaves are present, which normally reached their limit of life-span.
Consequently, they have already or are in course of finishing their senescence process. In addition, at the basal part of the tiller, they also find those leaves that normally receive lower level of solar radiation, which also contributes to increasing their senescence (LEMAIRE, 2001) . These factors explain the higher percentage of DLB and the lower percentage of LLB at the basal part of the tiller (Table 3) .
Based on the results in Table 3 , it can be deduced that the apical part of the tillers presents better nutritional value than the basal part. It would explain, in part, the fact that ruminants preferentially consume the organs located in this first part of the tiller. Additionally, these results also explain that when the animal is forced to consume the basal part of the pasture, it has a limited performance (DIFANTE et al., 2009) . This is attributable to the basal portion of the tiller and, in fact, of the pasture has a greater amount of dead tissues, which present worse nutritional value (SANTOS et al., 2010b) .
Moreover, at the basal portion of the tiller, there is also a greater amount of structural tissues (stem), which are more difficult to grasp by the animal during grazing, due to the greater shear force of the stem (NAVE et al., 2010) . This fact also limits the consumption and performance of ruminants when managing the pasture with a sizeable removal of its vertical profile, that is, with low post-grazing residue.
Regarding the size of the tiller, it was verified that the large tiller (1.80 m in length) had higher values (P<0.05) of mass and percentages of DLB and LS, when compared to the small tiller (1.0 m long) (Table 3) . These results presented the same pattern of response as those obtained with the first experiment (Tables 1 and 2 ).
Conclusions
With increasing size, the Pennisetum purpureum tiller exhibits a higher relative participation of structural tissues and with a higher stage of development, as well as a lower percentage of photosynthetic tissues.
The apical portion of the Pennisetum purpureum tiller has a higher percentage of photosynthetic tissues and a lower relative participation of structural tissues and with a higher developmental stage compared to the basal portion of the tiller.
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